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Abstract 
This paper introduces an SLA-based routing mechanism to lower the Co2 emission rate of the optical networks 
governed by GMPLS. This approach provides the most available routes between any pair of source and destination 
nodes using a routing table populated in advance, using the combination of weather forecasting information and 
energy resource maps supplied to the control plane of GMPLS optical networks.  
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1. Introduction 
The Internet is growing rapidly and consequently the backbone networks such as Generalized Multiprotocol 
Label Switching Networks (GMPLS supporting Internet backbone) with optical data plane will consume more 
power and produce more emission [1]. In order to reduce the greenhouse gas emissions such as Co2, emission aware 
routing mechanisms are required in networks to use the energy and emission information provided by power plants 
to avoid using the segments of the network powered on by non-green sources of energy producing more emissions, 
when possible [2].  
  
To be able to communicate emission and energy resources, proper Link State Advertisements (LSAs) have been 
defined in [3] and used in [1], [2], [3] and [4]; however this paper introduces a new method of evaluating the energy 
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and emission parameters required for the emission awareness attribute of the Service Level Agreement (SLA) based 
routing mechanism introduced in [1] Without needing the LSAs of [3]. 
 
2. Related work 
2.1. Energy Efficient Routing Mechanism 
Authors of work in [2] have proposed an energy and emission topology database that is consulted to find a route 
with minimum energy state in serving connection requests. This database is called emission topology database in 
this work. The method introduced in [2] is referred as Energy Efficient or EE in this paper. 
2.2. Emission Aware and SLA Based Routing Mechanism 
Authors of paper in [1] have proposed a hybrid cost for the route connecting the source node S to the destination 
node D which is composed of length and emission factor of the route (EF). EF is the sum of emission values of the 
links of the route form S to D (from emission topology database), in equation 1: 
 
            (1) 
 
Where    is the length of the route from S to D, EF is the emission factor of the route and is a balancing 
factor ( = 0.35) based on work in [1]. 
This paper uses equation 1 to calculate the hybrid cost of the routes. 
2.3. Energy and Emission values 
The work in [5] has proposed numerical values for amount energy consumption of nodes and inline amplifiers of 
optical network that are used in the simulation part of this work. In this paper the unused fiber optics are placed in 
off/standby state.  
2.4. Energy Resource Map 
Information about availability of green source of energy and in general any sources of energy available in each 
geographic location of optical network can be obtained by resources such as the one in [6]. The energy resource map 
is a layout of location energy plants and their capacity that combined with weather forecasting input can provide 
useful information about the source and amount of energy for different segments of the wide area optical networks 
for up coming hours. In this paper these information are assumed to be available and their usage is briefly detailed in 
next section with Forward Looking Energy Aware Routing Mechanism (FL-EASB). 
3. Forward Looking Table driven And Emission Aware Routing Mechanism (FL-EASB) 
FL-EASB uses weather forecasting information provided by different agencies in combination with an energy 
resource map such as one in [6] to forecast and predict the availability of the green source of energy for different 
sections of the optical network. By having the information about the availability of the green energy in a particular 
location or section of the network, FL-EASB can use the same approach in [1] to calculate and find a route with 
minimum hybrid cost that potentially satisfies the SLA of the connection request form each source node S to each 
destination node D and place it in a routing table to serve the upcoming connection requests in next hours of 
operation. This approach of populating a routing table speeds up serving the connection requests as best potential 
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candidate routes have already been calculated and can be accessed by routing table lookup. By using FL-EASB two 
routing table are maintained at each instance of time; one being the current routing table for serving the connection 
requests at the current time and one to be used for serving the connection requests arriving in next upcoming hours 
of operation.  
 
4. Simulation 
4.1. Simulation environment 
The simulation network is the network of the NSFnet optical network with 14 nodes and 21 bidirectional links 
that can be shown as G(14,21). Connection requests can arrive at any time and are considered exponentially 
distributed with arrival rate of 10 connections per hour and duration or service time of 6 hours, which is also 
assumed to be exponentially distributed. Each link can be used by 64 simultaneous connections (64 lambdas per 
link) and after that the link is announced as “full” or 100% and is taken away from the G(14,21) and it is placed 
back only when a connection that is using the link is terminated and the resources are returned to the pool [1]. The 
distances on the links are the node separations in units of km. Each amplifier is placed at every 80 km and two types 
of green and non-green energy sources in [7] can turn on each link. The lightpaths are assigned without the 
continuity constraint. To deal with dynamic connection requests, it is assumed the routing and signalling 
information is propagated using OSPF-TE [8] and (RSVP-TE) [9]. The offered load [10] is defined as the mean 
arrival rate multiplied by mean connection duration. 
 
 
Fig. 1. NSFnet Network 
4.2. Simulation Plan 
Simulation will use 3 and 6 hours as the next step time interval for FL-EASB and emission topology change 
interval for other routing mechanism such as EASB of [1]. This means that forecasting for new source of energy 
before emission topology change is done in 3 or 6 hours interval while emission topology change happens every 3 to 
6 hours for other routing mechanisms compared in this part of paper. For each 6 or 3 hour time interval FL-EASB 
routing and topology database populated in previous time interval is used. The “next step” will be called change 
interval or next step interchangeable through the rest of the paper. The simulation is performed to make sure that 
FL-EASB will decrease the emission of the network when compared to a routing mechanism in [1], [2] and the one 
in [11] which is not aware of emission source (and is SLA based only “SB”) of the link. This parameter is denoted 
as emission per unit resource “lambda”. The other goal is to make sure that the FL-EASB is as resource efficient as 
EASB of [1] (since FL-EASB uses the same metric as EASB) and this parameter is called lambda per connection.  
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4.3. Simulation results 
FL-EASB is capable of reducing the emission of the optical network by about 10% in fig. 2 for 3 hours interval 
and 15% for 6 hours next step in fig. 3. EASB hast marginally better reduction in emission which is due to the fact 
that forecasting may not be 100% precise. This means that forecasting and predicting to have a green energy at some 
link of the network may not be the case in realty as no prediction is 100% precise. The accuracy of forecasting has 
been kept at 95% for 3 hours next step interval and 90% for 6 hours next step interval in the simulation. As expected 
EE has the lowest amount of emission however results of fig. 4 and fig. 5 signify the impotence of FL-EASB in 
minimizing the amount of resource utilization for better resource efficiency when compared to EE. Fig 4 and 5 show 
that FL-EASB and EASB are about 28% more resource efficient with less provisioned lambdas for connection 
requests, compared to EE in 3 and 6-hour change interval (next step) respectively. Resource efficiency is very 
important to ISPs as it reduces their cost of provisioning. With higher resource efficiency ISP can accommodate 
higher number of connection requests. The simulation for resource efficiency proves that FL-EASB is as resource 
efficient as EASB and is better than EE and SB. 
 
  
 
Fig. 2. Average Emission per unit resource 3 hour next step 
 
Fig. 3. Average Emission per unit resource 6-hour next step 
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5. Conclusion 
In conclusion and based on results of this work, one can say that predicting the energy source of the links can 
provide almost the same reduction in emission of the optical networks and remain as resource efficient as other 
methods such as EASB. In addition since the table population for topology databases is done before changes, the 
chance of loosing a connection request in the convergence time of the network is reduced to minimum.  
The future work will investigate the usage of FL-EASB in determination and discovery of sections of the network 
that can be placed in standby mode, when they won’t participate in relaying the lightpaths. 
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